In this proceeding we will show that the expectations of the isobaric Zr collisions on chiral magnetic effect (CME) search may not hold as originally anticipated due to large uncertainties in the isobaric nuclear structures. We demonstrate this using Woods-Saxon densities and the proton and neutron densities calculated by the density functional theory. Furthermore, a novel method is proposed to gauge background and possible CME contributions in the same system, intrinsically better than the isobaric collisions of two different systems. We illustrate the method with Monte Carlo Glauber and AMPT (A Multi-Phase Transport) simulations.
Introduction
In quantum chromodynamics (QCD), the interactions of quarks with topological gluon fields can induce chirality imbalance and parity violation in local domain under the approximate chiral symmetry restoration [1] . A chirality imbalance could lead to an electric current, or charge separation (cs) in the direction of a strong magnetic field (B). This phenomenon is called the chiral magnetic effect (cme) [1] . Searching for the cme is one of the most active research in heavy ion collisions (hic) [2, 3] . In hic the cs is commonly measured by the three-point correlator [4] , γ ≡ cos(φ α + φ β − 2ψ RP ), where φ α and φ β are the azimuthal angles of two charged particles, and ψ RP is that of the reaction plane (rp, spanned by the impact parameter and beam directions) to which the B produced by the incoming protons is perpendicular on average. Positive ∆γ ≡ γ OS − γ SS (os:opposite-sign, ss:same -sign) signals, consistent with the cme-induced cs perpendicular to the rp, have been observed [5] . The signals are, however, inconclusive because of a large charge-dependent background arising from particle correlations (e.g. resonance decays) coupled with the elliptic flow anisotropy (v 2 ) [6] . [7] . One expects their backgrounds to be almost equal because of the same mass number, while the atomic numbers, hence B, differ by 10%. This is verified by Monte Carlo Glauber (mcg) calculations using the Woods-Saxon (ws) density profile [8] . As a net result, the cme signal-to-background ratio would be improved by over a factor of 7 in comparative measurements between RuRu and ZrZr collisions than in each of them individually [8] . The isobaric collisions are planned for 2018 at rhic; they would yield a cme signal of 5σ significance with the projected data volume, if one assumes that the cme contributes 1/3 of the current ∆γ measurement in AuAu collisions.
However, there can be non-negligible deviations of the Ru and Zr nuclear densities from ws. In this proceeding, we will show their effects on the sensitivity of isobaric collisions for the cme search [9] , and a novel method will be proposed to avoid those uncertainties [10] .
Re-examining the premise of isobaric collisions
Because of the different numbers of protons-which suffer from Coulomb repulsion-and neutrons, the structures of the 96 44 Ru and 96 40 Zr nuclei must not be identical. By using density functional theory (dft) , we calculate the Ru and Zr proton and neutron distributions using the well-known SLy4 mean field including pairing correlations (Hartree-Fock-Bogoliubov, HFB approach) [11] . Those density distributions are shown in Fig. 1 . Protons in Zr are more concentrated in the core, while protons in Ru, 10% more than in Zr, are pushed more toward outer regions. The neutrons in Zr, four more than in Ru, are more concentrated in the core but also more populated on the nuclear skin. Theoretical uncertainties are estimated by using different sets of density functionals, SLy5 and SkM* for the mean field, with and without pairing (HFB/HF), and found to be small. The 2 of the transverse overlap geometry in RuRu and ZrZr collisions is calculated event-by-event with mcg [12] , using the dft nucleon densities in Fig. 1 . B(r, t = 0) is also calculated for RuRu and ZrZr collisions using the dft proton densities. The calculations follow Ref. [13] , with a finite proton radius (0.88 fm is used but the numeric value is not critical) to avoid the singularity at zero relative distance. Two reference planes are used for each collision system: reaction plane (ψ RP ) and participant plane (ψ PP ). For the cme search with isobaric collisions, the relative differences in 2 and B sq are of importance. Figure 2 shows the relative differences R( 2 {ψ PP }), R( 2 {ψ RP }), R(B sq {ψ PP }), and R(B sq {ψ RP }); R(X) is defined as
where X RuRu and X ZrZr are the X values in RuRu and ZrZr collisions, respectively. The thick solid curves are the default results with the dft densities in Fig. 1 . The shaded areas correspond to theoretical uncertainties bracketed by the two dft density cases where Ru is deformed with β 2 = 0.158 and Zr is spherical and where Ru is spherical and Zr is deformed with β 2 = 0.217. The hatched areas represent our results using ws densities with the above two cases of nuclear deformities. We also investigate whether our density profiles would, in a dynamical model, lead to a final-state v 2 difference between RuRu and ZrZr collisions and whether the B sq difference preserves with respect to the event plane (ep) reconstructed from the final-state particle momenta. We employ A Multi-Phase Transport (ampt) model with "string melting" [14] , which can reasonably reproduce heavy ion bulk data at rhic and the lhc . We found that the general trends are similar to those in Fig. 2 [9] .
From the mcg and ampt simulations, we find that the dft nuclear densities, together with the WoodsSaxon (ws) densities, yield wide ranges of differences in B sq with respect to the participant plane (pp) and the reaction plane (rp). It is further found that those nuclear densities introduce, in contrast to ws, comparable differences in 2 {ψ RP } (v 2 {ψ RP }) and B sq {ψ RP } with respect to the reaction plane (rp), deminishing the premise of isobaric collisions to help identify the cme. With respect to the participant plane (pp), the 2 {ψ PP } (v 2 {ψ EP }) difference can still be sizable, as large as ∼ 3%, possibly weakening the power of isobaric collisions for the cme search [9] . 
A movel method to measure the cme
Based on the above study [9] , we found that with respect to ψ PP , v 2 is stronger than that with respect to ψ RP . This is because elliptic flow (v 2 ) develops in relativistic heavy ion collisions from the anisotropic overlap geometry of the participant nucleons. The magnetic field (B) is, on the other hand, produced mainly by spectator protons and its direction fluctuates nominally about ψ RP , not ψ PP . Therefore, B with respect to ψ PP is weaker than B with respect to ψ RP . Our new method is based on the opposite behaviors in the fluctuations of the magnetic field and v 2 in a single nucleus-nucleus collision, thus bears minimal theoretical and experimental uncertainties. It is convenient to define a relative difference [10] ,
where X{ψ RP } and X{ψ PP(EP) } are the measurements of quantity X with respect to ψ RP and ψ PP (or ψ EP described below), respectively. The upper panels of Fig. 3 show R PP ( 2 ) and R PP (B sq ) calculated by a mcg model for The commonly used ∆γ variable contains, in addition to the cme it is designed for, v 2 -induced background, ∆γ{ψ} = cme(B sq {ψ}) + bkg(v 2 {ψ}). ∆γ{ψ} can be measured with respect to ψ = ψ RP (using the 1st order event plane ψ 1 by the zdc) and ψ = ψ EP (2nd order event plane ψ 2 via final-state particles). If bkg(v 2 ) is proportional to v 2 and cme(B sq ) to B sq , then
Here r ≡ cme(B sq {ψ RP })/bkg(v 2 {ψ EP }) can be considered as the relative cme signal to background contribution. If the experimental measurement R EP (∆γ) equals to R EP (v 2 ) (i.e. ∆γ scales like v 2 ), then cme contribution is zero; if R EP (∆γ) ≈ −R EP (v 2 ) (i.e. ∆γ scales like B sq ), then background is close to zero and all would be cme; and if R(∆γ) = 0, then background and cme contributions are of similar magnitudes. Recently, our new method has been applied to experimental data by the STAR collaboration, see Ref. [15] for more details. 
Summary
To reduce background effects in cme search, isobaric 
